In tropical regions, stingless bee species are very diverse and approximately 400 described species have been found (Michener, 2000) . In Thailand, 23 species of stingless bee have been reported. Tetragonilla collina Smith 1857 is one of the common species found in the northern region and is one of the few species that nest underground. Because of the abundance of their nest sites and favoured ecological niche, the stingless bee is considered to play a vital role in pollination of economic crops and indigenous plants in Thailand (Jongjitvimol et al., 2005).
In tropical regions, stingless bee species are very diverse and approximately 400 described species have been found (Michener, 2000) . In Thailand, 23 species of stingless bee have been reported. Tetragonilla collina Smith 1857 is one of the common species found in the northern region and is one of the few species that nest underground. Because of the abundance of their nest sites and favoured ecological niche, the stingless bee is considered to play a vital role in pollination of economic crops and indigenous plants in Thailand (Jongjitvimol et al., 2005) .
Previous studies have demonstrated that actinomycetes are associated with both solitary and social insects, e.g. alfalfa leafcutter bees (Inglis et al., 1993) and fungus-growing ants (Cafaro & Currie, 2005) . However, little information is known about the biology of T. collina and, in particular, of the microbiota residing in or with them. In our first attempt to study actinomycetes isolated from bee hives, including stingless bees, in Thailand, most of the isolates belonged to the genus Streptomyces (Promnuan et al., 2009) . Two actinomycete strains, designated TA4-1 T and TA4-8 T , were isolated from the adult stage of T. collina collected from Chiang Mai Province, northern Thailand. In this paper, we therefore characterize the two isolates and propose two novel species of the genus Streptomyces.
Adult stages of T. collina were collected and kept in sterile plastic tubes. The samples were surface-sterilized using a triple surface-sterilization technique (Photita et al., 2004) and ground aseptically. The bacterial strains were isolated using the standard dilution-plate method on humic acidvitamin agar (Hayakawa & Nonomura, 1987) . After incubation at 30 u C for 21 days, the isolates were transferred, purified and maintained on oatmeal agar (International Streptomyces Project medium 3; ISP 3), which is a suitable medium for growth and sporulation (Pridham et al., 1956 (Pridham et al., -1957 .
The 16S rRNA gene sequences of the two isolates were determined by amplification and sequencing as described by Nakajima et al. (1999) . CLUSTAL X (Thompson et al., 1997) was used to perform a multiple alignment of sequences downloaded from public databases and the sequences obtained in this study. The alignment was verified manually and adjusted prior to construction of a phylogenetic tree. For construction of phylogenetic trees, MEGA 4 (Tamura et al., 2007) and CLUSTAL X were used. Phylogenetic trees were constructed using neighbour joining (Saitou & Nei, 1987) , minimum evolution and maximum parsimony (Takahashi & Nei, 2000) , based on a comparison of 1410 nt between positions 34 and 1491 (Escherichia coli numbering) after elimination of gaps and ambiguous nucleotides.
Streptomyces megasporus DSM 41476
T was used as an outgroup. Bootstrap values for nodes of the phylogenetic trees were determined based on 1000 resamplings (Felsenstein, 1985) . Sequence similarity was calculated manually after pairwise alignment using CLUSTAL X. In this study, almost-complete 16S rRNA gene sequences for strains TA4-1 T (1510 nt) and TA4-8 T (1512 nt) were compared with the corresponding sequences of closely related strains of the genus Streptomyces. The neighbour-joining tree ( Fig. 1) revealed that strains TA4-1 T and TA4-8 T formed a distinct phylogenetic group (91 % bootstrap support). Similar topologies were obtained with the maximum-parsimony and minimum-evolution algorithms (Figs S1 and S2, available in IJSEM Online). 16S rRNA gene sequence similarity between the isolates was 98.9 %. Strains TA4-1 T and TA4-8 T were most closely related to Streptomyces chromofuscus NRRL B-12175 T (98.8 and 98.1 % 16S rRNA gene sequence similarity, respectively).
Morphological, physiological and biochemical characterization of strains TA4-1 T and TA4-8 T was carried out according to the standard protocol of the International Streptomyces Project (Shirling & Gottlieb, 1966) . Growth temperature, pH and NaCl concentration were determined on ISP 2. The arrangement of hyphae, spore chains and spore surface ornamentation were observed under a light microscope and a scanning electron microscope (model S-2400; Hitachi), after growth on ISP 3 for 3 weeks at 30 u C. Samples for scanning electron microscopy were prepared following to Itoh et al. (1989) . Streptomyces chromofuscus JCM 4354 T , the type strain of the phylogenetically nearest species, was used for comparative studies.
Strains TA4-1 T and TA4-8 T were aerobic and Grampositive and formed extensively branched substrate mycelia that carried aerial hyphae which differentiated into spore chains of the Spirales type with smooth spore surfaces (Fig.  2) . Strain TA4-1 T showed good growth on ISP 3, 4 and 7, Bennett's, glucose-yeast extract, Hickey-Tresner (Hickey & Tresner, 1952) and yeast-starch agar media and showed poor growth on ISP 2 and 5, Czapek's and nutrient agar media. Neither diffusible pigments nor melanoid pigments were produced on any tested media. Aerial mycelia and spores were formed on ISP 3 and 4 and yeast-starch agar media. Yellowish green to dark olive grey substrate mycelium and white aerial mycelium were produced (Tables 1 and 2 ).
Strain TA4-8
T showed good growth on ISP 2, 3, 4, 5 and 7, Bennett's, glucose-yeast extract, Hickey-Tresner and yeaststarch agar media and showed poor growth on Czapek's and nutrient agar media. Aerial mycelium was better produced on ISP 3, 4, 5 and 7, Bennett's, Czapek's, HickeyTresner and yeast-starch agar media as compared with ISP 2 and glucose-yeast extract agar media. The substrate mycelium was greyish brown to deep brown and the aerial mycelium was white to grey. Yellowish brown diffusible pigments were produced in ISP 2 and 4, glucose-yeast extract, Hicky-Tresner and yeast-starch agar media, whereas a distinct reddish brown pigment was produced on ISP 7; however, melanoid pigments were not produced (Tables 1 and 2 ).
The two isolates could be distinguished from the type strain of Streptomyces chromofuscus JCM 4354
T on the basis of the cultural characteristics, melanoid pigment production, carbon source utilization, pH and NaCl concentration for growth, and growth at 45 u C, as shown in Table 1 .
Biomass for chemotaxonomic study was prepared from cultures grown in yeast extract-malt extract (ISP 2) broth on a rotary shaker at 30 u C for 2 weeks. The isomers of diaminopimelic acid in the cell wall were determined by Shirling & Gottlieb (1966) .
Y. Promnuan and others
TLC of whole-organism hydrolysates on cellulose acetate sheets (Merck, Germany) as described by Staneck & Roberts (1974) . Phospholipids were extracted and identified by the methods of Minnikin et al. (1984) . Methyl esters of cellular fatty acids were prepared and analysed according to the instructions for the Sherlock Microbial Identification System version 2.998 (MIDI) by GC (model HP6890; Hewlett Packard) using the TSBA40 method (Sasser, 1990) . Isoprenoid quinones were extracted according to the method of Collins et al. (1977 Collins et al. ( , 1984 and analysed by HPLC (model LC-10AD VP; Shimadzu) equipped with a Cosmosil 5C 18 column (NacalaiTesque) (Tamaoka et al., 1983) . Strains TA4-1 T and TA4-8 T contained LLdiaminopimelic acid. Diagnostic The phospholipids of the isolates were phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylinositol mannosides. The menaquinones of strain TA4-1 T were MK-9(H 8 ) (75 %), MK-9(H 6 ) (10 %) and MK-9(H 10 ) (8 %) and of strain TA4-8 T were MK-9(H 8 ) (78 %), MK-9(H 6 ) (4 %) and MK-9(H 10 ) (3 %). The major fatty acids detected in strain TA4-1 T were iso-C 16 : 0 (23.1 %), anteiso-C 15 : 0 (18.3 %), iso-C 15 : 0 (15.8 %) and C 16 : 0 (11.2 %); minor amounts of C 15 : 0 (9.4 %), iso-C 14 : 0 (5.4 %), anteiso-C 17 : 0 (5.2 %) and iso-C 17 : 0 (3.1 %) were also present. The major fatty acids of strain TA4-8 T were iso-C 16 : 0 (28.2 %), C 16 : 0 (18.3 %), anteiso-C 15 : 0 (14.0 %) and iso-C 14 : 0 (10.2 %); minor amounts of iso-C 15 : 0 (8.4 %), C 15 : 0 (4.2 %), C 14 : 0 (3.2 %) and anteiso-C 17 : 0 (3.0 %) were also present (Table 3 ). The chemotaxonomic profiles of strains TA4-1 T and TA4-8 T were consistent with those of the members of the genus Streptomyces.
Cells were freeze-dried and mechanically ground as described by Reader & Broda (1985) . The DNA G+C content of each isolate was determined using the HPLC method of Tamaoka & Komagata (1984) . An equimolar mixture of nucleotides for analysis of DNA base composition (YamasaShoyu) was digested by bacterial alkaline phosphatase and used as the quantitative standard. The G+C contents of strains TA4-1 T and TA4-8 T were 69.2 and 69.3 mol%, respectively.
It is recommended that DNA-DNA reassociation of singlestranded DNA is mandatory to demonstrate the uniqueness of any novel species only if the 16S rRNA gene sequence similarity is greater than 98.7-99 % (Stackebrandt & Ebers, 2006) . Although the 16S rRNA gene sequence similarity between the isolates and S. chromofuscus NRRL B-12175
T was in the range of 98.1-98.8 % and physiological characters differentiating these strains could be readily recognized, DNA-DNA hybridization was carried out to assess the genomic uniqueness of the isolates. DNA-DNA relatedness was measured fluorometrically using the microplate hybridization method devised by Ezaki et al. (1989) , in duplicate. Hybridization was carried out at 60 u C overnight. DNA-DNA relatedness between strain TA4-1 T and S. chromofuscus JCM 4354 T was 15.0±2.8 %, between strain TA4-8 T and S. chromofuscus JCM 4354 T was 6.5±6.4 % and between strains TA4-1 T and TA4-8 T was 32.5±3.5 %. These values are well below the 70 % cut-off point recommended for the delineation of genomic species (Wayne et al., 1987) .
On the basis of a combination of phenotypic data and DNA-DNA relatedness, it is concluded that strains TA4-1 T and TA4-8 T represent two novel species of the genus Streptomyces. The names Streptomyces chiangmaiensis sp. nov. and Streptomyces lannensis sp. nov. proposed.
Description of Streptomyces chiangmaiensis sp. nov.
Streptomyces chiangmaiensis (chi.ang.mai.en9sis. N.L. masc. adj. chiangmaiensis of or pertaining to Chang Mai, Thailand, from where the type strain was isolated).
An aerobic, Gram-positive actinomycete, forming branched substrate mycelia. Spore chains are spiral, consisting of oval spores, and the spore surface is smooth. Good growth occurs on ISP 3, 4 and 7, Bennett's, glucose-yeast extract, HickeyTresner and yeast-starch agar media; poor growth occurs on ISP 2 and 5, Czapek's and nutrient agar media. Substrate mycelium is yellowish green to dark olive grey on various media. Aerial mycelium and sporulation are found on ISP 3 and 4 and yeast-starch agar media. Soluble pigment is not produced. Melanoid pigments are not produced. Growth occurs at pH 4-11 (optimum pH 7-9), at 20-30 u C (optimum 30 u C) and with 2 % (w/v) NaCl. D-Glucose, L-arabinose, Dxylose, myo-inositol and rhamnose are utilized as sole carbon sources, but sucrose, D-mannitol, D-fructose and raffinose are not. The peptidoglycan contains LL-diaminopimelic acid. The phospholipids are phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylinositol mannosides. The major menaquinone is MK-9(H 8 ); minor amounts of MK-9(H 6 ) and MK-9(H 10 ) are also found. The major fatty acids (.8 % of the total) are iso-C 16 : 0 , anteiso-C 15 : 0 , iso-C 15 : 0 , C 16 : 0 and C 15 : 0 .
The type strain, TA4-1 T (5JCM 16577 T 5TISTR 1981 T ), was isolated from stingless bee (T. collina) collected from Chiang Mai Province, Thailand. The DNA G+C content of the type strain is 69.2 mol%.
Description of Streptomyces lannensis sp. nov.
Streptomyces lannensis (lan.nen9sis. N.L. masc. adj. lannensis of or pertaining to the Kingdom of Lanna, the historic name of the northern Thailand region from where the type strain was isolated).
An aerobic, Gram-positive actinomycete, forming branched substrate mycelia. Spore chains are spiral, consisting of oval spores, and the spore surface is smooth. Good growth occurs on ISP 2, 3, 4, 5 and 7, Bennett's, glucose-yeast extract, Hickey-Tresner and yeast-starch agar media; poor growth occurs on nutrient and Czapek's agar media. Substrate mycelium is greyish brown to deep brown on various media. Aerial mycelium and sporulation are found on ISP 3, 4, 5 and 7, Hickey-Tresner, Czapek's, Bennett's and yeast-starch agar media. Soluble pigments are produced on ISP 2, 4 and 7, glucose-yeast extract, Hickey-Tresner and yeast-starch agar media. Melanoid pigments are not produced on ISP 6 and 7. Growth occurs at pH 4-12 (optimum pH 7-9), at 15-35 u C (optimum 30 u C) and with 3 % (w/v) NaCl. DGlucose, L-arabinose, sucrose, D-xylose, myo-inositol, Dmannitol, D-fructose and raffinose are utilized as sole carbon sources, but rhamnose is not. The peptidoglycan contains LL-diaminopimelic acid. The phospholipids are phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylinositol mannosides. The major menaquinone is MK-9(H 8 ); minor amounts of MK-9(H 6 ) and MK-9(H 10 ) are also found. The major fatty acids (.8 % of the total) are iso-C 16 : 0 , C 16 : 0 , anteiso-C 15 : 0 , iso-C 14 : 0 and iso-C 15 : 0 .
The type strain, TA4-8 T (5JCM 16578 T 5TISTR 1982 T ), was isolated from stingless bee (T. collina) collected from Chiang Mai Province, Thailand. The DNA G+C content of the type strain is 69.3 mol%. 
